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Introduction
Every year, approximately 600,000 people die of heart disease and roughly 720,000 people have a heart attack in the United States. It is still the leading cause of death in the nation across gender, racial and ethnic groups. In Maryland, the mortality rate for heart disease has decreased by 28.8 percent in the past decade. However, disparities in the mortality rate and utilization of cardiac care still persist by race, gender, insurance status, and location (Chen, Mann, & Hussein, 2012) .
Baltimore City has one of the highest percentages of African American residents in the State of Maryland having experienced little or no improvement in terms of their health status. In 2010, the Baltimore City Health Department released the city's first Health Disparities Report Card, a comprehensive health assessment of various health indicators, such as heart disease, cancer, diabetes, infant mortality, and obesity. The overall final grade for the city was a D. This report clearly reaffirmed the persistent health disparities among racial and ethnic groups, particularly African Americans. Compared with whites, they fared worse on 21 out of 29 health indicators (Baltimore City Health Department, 2010) .
The purpose of this study is to determine whether, among Baltimore City residents, there are differences in access to cardiac care based on sociodemographic characteristics. This care entails undergoing invasive cardiac procedures for treating coronary heart disease (CHD), specifically acute myocardial infarction (AMI), more commonly known as heart attacks. The sociodemographic characteristics include race, gender, insurance status based on primary payer, and jurisdiction based on place of residence. To gain insight into the effects of sociodemographic characteristics on patients with AMI in undergoing invasive cardiac procedures, retrospective analyses were conducted of recent hospital inpatient discharge data that answer the following research questions. In Baltimore City, 1) 
Review of the Literature
Over the past two decades, an extensive body of research has emerged on the disparities in access to cardiac care based on socioeconomic characteristics, such as gender, insurance status, location, and race. These characteristics have been shown to be likely predictors of whether or not patients will undergo invasive cardiac procedures. The consistent finding has been that white men are the most likely to undergo cardiac procedures, and African American women are the least likely to do so (Giles et al., 1995) .
The two most common procedures for CHD are coronary artery bypass graft (CABG), commonly known as "bypass surgery," and percutaneous coronary intervention (PCI), also known as "stents." A comparison of the effectiveness of these two procedures was made based on the mortality rates of Medicare beneficiaries using fee-for-service (FFS) Medicare claims data. The outcome showed that CABG resulted in lower mortality rates than PCI among patients with a number of different diagnoses, such as diabetes, heart failure, peripheral arterial disease, and tobacco use (Hlatky et al., 2013) . Although CABG is more invasive and costly than PCI, this comparative effectiveness research recommended it as the preferred treatment option for patients, with the likelihood of a longer life expectancy and survival after the procedure.
Using hospital discharge data in Massachusetts and Maryland, Ayanian and Epstein (1991) assessed the differences between men and women in the use of cardiac procedures for coronary heart disease. All patients included in this study had principal diagnoses of myocardial infarction or unstable angina, angina pectoris, chronic ischemic heart disease, and nonrespiratory chest pain. They also included secondary diagnoses of congestive heart failure and diabetes mellitus. Compared to men, the women were older, insured, and more likely to be a minority with the principal diagnosis of unstable angina or chest pain rather than AMI. Even after adjusting for potential clinical and demographic confounding variables, Ayanian and Epstein found that men were more likely than women to undergo coronary angiography and revascularization procedures. The differences in the cardiac procedure rates based on gender suggested that women may not have been receiving the necessary procedures due to the indication that men are more likely to have CHD.
Is there a racial disparity in the use of PCI among patients with AMI? Prior research has focused on CABG. Casale and his colleagues (2007) analyzed hospital discharge data in Pennsylvania to determine whether racial and socioeconomic disparities existed in the use of primary PCI among patients with AMI. This study revealed that African Americans and lowincome patients in Pennsylvania were less likely to undergo PCI and other cardiac procedures, such as cardiac catheterization (CATH), coronary intervention, and CABG. They found several apparent reasons for this racial and economic disparity in the use of PCI, including (1) disease severity, which may prohibit with the use of PCI, and (2) financial disincentives. However, there were no significant differences in the in-hospital mortality rate, notwithstanding the lower rates of PCI among African American or low-income patients.
What are further possible explanations for these differences? Condon and his colleagues (2008) explored some possible factors for racial and ethnic differences in the treatment of patients with AMI in the metropolitan area of Augusta, Georgia. Using reimbursement data in Georgia, their study showed that the likelihood of receiving cardiac care was higher if the patient was male, white, or had private insurance or self-pay, while it was lower if the patient was female, African American, or had government insurance or was uninsured. There was no difference between urban and rural residents. This reinforced the long-held assumption that patients with private insurance are more likely than those with government insurance to receive cardiac care. The authors found the following possible reasons for these differences: (1) uninsured patients are sicker and younger when diagnosed with first-episode AMI and are less likely to have received routine preventive care; (2) poor lifestyle choices and family history of cardiovascular disease; (3) a higher proportion of working poor residents without health coverage; (4) and residents facing cultural barriers in accessing health care services.
Are African Americans more or less likely to be referred for cardiac care by a physician? Gregory, LaVeist, and Simpson (2006) investigated white and African American patients from three community hospitals in Baltimore City following American College of Cardiology guidelines. Based on medical record abstractions along with patient and physician interviews, they found that whites were more likely than African Americans to be referred for cardiac care after controlling for age, education, socioeconomic status, and insurance status. The potential reasons found by the authors for a lack of referrals included social determinants (health literacy, family stressors, and patient preferences), health encounters (physician medicine and rehabilitation consultations, as well as education about options), and health system factors (insurance and facility location).
For patients who have received referrals for CHD, were they necessary, beneficial, and appropriate? In New York State hospitals, Hannan and his colleagues (2014) assessed whether diagnostic cardiac CATH treatments for patients with CHD were deemed appropriate, uncertain, or inappropriate. This study used an Appropriateness Use Criteria for diagnostic cardiac CATHs that was developed as a CHD assessment tool based on clinical characteristics, patient characteristics, and risk factors. The results showed that one quarter of these treatments were deemed inappropriate due to lack of stress test information. This had no relation to hospital volume or inappropriateness for PCI It is well documented that minorities are more likely than whites to die from preventable illnesses and diseases, especially CHD. What is the role of insurance status in the likelihood of undergoing cardiac procedures and explaining the racial health disparities between whites and minorities, especially African Americans in poor, urban communities? Ng, Brotman, Lau, and Young (2012) compared the mortality rates between privately insured and underinsured patients, including those with Medicaid and the uninsured, in hospitalizations for AMI, atherosclerosis, and stroke. For patients hospitalized for AMI, there was a strong association between the underinsured and higher mortality rates, while race was insignificant. This study does imply that privately insured patients are more likely than Medicaid and uninsured patients to receive better access to cardiac care. This finding is significant, given that the expansion of health coverage through the Affordable Care Act can potentially reduce and eliminate racial health disparities in terms of access to cardiac care for treating CHD. The role of insurance status is increasingly important given the expansion of Medicaid and private health plans available through health insurance exchanges. The differences in cardiac care among privately insured, Medicare, Medicaid, and uninsured hospitalized patients present a challenge in terms of ensuring adequate access to quality health care.
Using a national database of hospital inpatient stays, Hasan, Orav, and Hicks (2010) analyzed in-hospital mortality rates, length of stay, and cost per hospitalization for three common conditions-AMI, stroke, and pneumonia-among working-age adults to determine whether disparities existed in access to care based on insurance status. This study used three categories for insurance status: privately insured, uninsured, and Medicaid. For the three medical conditions, the findings revealed that uninsured and Medicaid patients had higher in-hospital mortality rates than privately insured patients. Medicaid patients also had longer lengths of stay for these conditions, which in turn was more costly per hospitalization. This study reinforced the finding that privately insured patients are more likely than Medicaid and uninsured patients to have access to health care and better outcomes.
In looking at government insurance, Guadagnoli and his colleagues (2000) found the use of coronary angiography in Medicare beneficiaries higher for those patients with traditional FFS coverage than for those enrolled in managed care plans, also called health maintenance organizations (HMOs), which are known for cost containment. This variation between two payer models within Medicare reveals different practices for authorizing procedures. It also shows that those enrolled in managed care plans might not be receiving proper access to cardiac care compared to those enrolled in FFS coverage. The trend towards managed care plans does raise concerns about whether there is a tradeoff between cost containment and quality of care.
The growth of managed care is often associated with reductions in services. Volpp and Buckley (2004) examined the relationship between outcomes and treatment patterns for AMI patients and changes in HMO penetration. For patients with AMI, this study indicated that higher HMO penetration translated into lower rates of cardiac procedures with no effect on in-hospital mortality.
Sloan, Rankin, Whellan, and Conover (2000) did a study on Tennessee Medicaid patients who had moved from a traditional FFS plan to a managed care program called TennCare. They found that the rates of coronary revascularization procedures performed on TennCare AMI patients were on par with privately insured patients. However, there were differences between those enrolled in TennCare and traditional Medicaid and those enrolled in private insurance plans when receiving a revascularization procedure with regard to two specific procedures: coronary angioplasty and coronary bypass surgery. In the end, their study showed that the implementation of TennCare represented a shift towards managed care, allowing more people to be covered who otherwise would have been denied or remained uninsured.
LaPar and his colleagues (2011) found that after CABG surgery, Medicaid and uninsured patients had worse outcomes than patients with Medicare or private insurance. Medicaid and uninsured patients had CABG during urgent/emergent admissions, while those with Medicare or private insurance tended to have CABG during elective admissions. In addition, low-income Medicaid patients tended to be sicker with a high likelihood of in-hospital mortality and had longer lengths of stay at hospitals, making them more costly compared to other payer groups. This study showed that there is a strong correlation between insurance status and health outcomes, as well as insurance status and socioeconomic status.
Methods
The Health Services Cost Review Commission is an independent state agency responsible for collecting and maintaining patient-level case mix data, such as hospital inpatient discharge information containing medical record abstracts of clinical demographic and billing data in Maryland. Since 1977, the agency has also set rates for hospital services. Currently, Maryland is the only state in the nation to retain an all-payer hospital system through a federal waiver with approval from the Centers for Medicare and Medicaid Services. This unique system has led to substantial cost savings by reimbursing all payers at the same rate for hospital services, including Medicare, Medicaid, and private insurers. Ideally, the all-payer system eliminates financial barriers and implies that a Maryland resident hospitalized for AMI should receive equal access to cardiac care regardless of location.
This study uses Maryland's patient-level hospital inpatient discharge data for 2012, the most recent data available at the time of this writing. The retrospective analyses are limited to patients who lived in Maryland at the time of admission in 2012 with a principal diagnosis and/or up to 14 secondary diagnosis codes of AMI (ICD-9-CM 410.0-410.9). Access to cardiac care is defined as a patient with AMI undergoing one of the following three cardiac procedures based on the primary procedure code and up to 14 secondary procedure codes: coronary artery angiography (also known as coronary arteriography and cardiac CATH) (ICD-9-CM 37. 21-37.23, 88.50-88.58 ), CABG (ICD-9-CM 36.10-36.19), and PCI (ICD-9-CM 36.00-36.06).
The main focus of this study is to determine whether the sociodemographic characteristics of AMI patients in the city of Baltimore are likely predictors for undergoing invasive cardiac procedures. The dependent variables include whether or not the patient had one of three cardiac procedures: CATH, CABG, and PCI. The independent variables are race, age, gender, insurance status, and jurisdiction.
For age, patients chosen for the study were at least 18 years of age or older and were categorized into five groups: 18-39, 40-49, 50-64, 65-74, and 75+. For race, patients were excluded who were not listed as white or African American, as they comprised a small percentage of patients. Since African Americans constituted 70 percent of the minority population in Maryland, this made for a more statistically significant dichotomous comparison between African Americans and whites (Chen, Mann, & Hussein, 2012) . For insurance status, there were seven categorical groups based on the patient's primary payer: Medicare, Medicaid, private (Blue Cross, Commercial Insurance), Medicare-HMO, Medicaid-HMO, private-HMO, and other (for example, no charge, self-pay, worker's compensation). For place of residence, there were eight groups based on the Baltimore metropolitan area and similar population size and demographics: Anne Arundel, Baltimore City, Baltimore County, Harford, Howard, Montgomery, Prince George's, and Other, which included the rest of the counties in Maryland. Howard served as a proxy for an affluent surrounding county in the Baltimore metropolitan area, and Prince George's served as a proxy for an affluent county with a majority African American population.
There were two logistic regression models conducted to calculate the odds ratios of AMI patients undergoing invasive cardiac procedures. The first model was conducted with covariates of race by gender and insurance status adjusted by age as likely predictors of AMI patients in Baltimore City undergoing each of the three cardiac procedures. The categorical covariates were race by gender and insurance status. The reference groups were white, male, and Medicare. The second model included covariates from the previous model as well as jurisdiction, another categorical covariate, to investigate fully the association of location with other sociodemographic characteristics and access to cardiac care based on the use of each of the three invasive procedures. The reference groups were white, male, Medicare, and Baltimore City. The unit of analysis was a hospital discharge.
Results
In 2012, there were over 16,000 discharges of patients with AMI in Maryland. Only 13,681 patients with AMI met the criteria for this study. Of these 13,681 patients, 2,099 were residing in Baltimore City. Table 1 presents a summary of the sociodemographic characteristics for these patients by race. Clearly illustrated is a dichotomous comparison between white and African American patients with AMI in Baltimore City for analyzing other sociodemographic characteristics.
By race, 63.6 percent of patients were African American and 36.2 percent were white. By gender, 51.8 percent were males and 48.2 percent were females. Combining race and gender, more white males were diagnosed with AMI than white females, but it was evenly split between African American males and females, although African American females were hospitalized with AMI at a slightly higher rate than African American males. By age, the majority was 50 and over; however, African American patients tended to be younger than whites. The mean age of a white patients was 68.31 and that of African American patients was 63.76. By insurance status, the majority of patients had Medicare, followed by private insurance, an HMO through Medicare or Medicaid, and Medicaid. However, whites were more likely to be covered by private insurance, while African Americans were more likely to be covered by Medicaid. Table 2 shows the cardiac procedure rates for CABG, PCI, and CATH by gender, age, insurance status, and race of AMI patients in Baltimore City. The mean cardiac procedure rates were 4.4 percent for CABG, 7.7 percent for PCI, and 47.6 percent for CATH. By gender, men were twice as likely as women to receive CABG, and they were also more likely to receive the PCI and CATH procedures. The cardiac procedure rates for these three invasive procedures were greater for those with private insurance or private-HMO compared to those with Medicare or Medicaid coverage. Patients with private insurance (7.7 percent) or private-HMO (7.0 percent) were twice as likely than Medicare patients (4.0 percent) to receive CABG. CABG rates were higher if the patient's age was between 50-74, while PCI rates were higher if a patient's age was between 40-64. CATH rates were the highest in all age groups except the 75+ age group. By race, white patients were more likely than African American patients to undergo CABG. For PCI, the rates were 8.3 percent for whites and 7.4 percent for African Americans. For CATH, the rates were 47.3 percent for whites and 47.8 percent for African Americans. Overall, except for CATH, white patients with AMI were more likely than African American patients to receive invasive cardiac procedures in Baltimore City. Table 3 presents a statewide summary of sociodemographic characteristics of patients with AMI by jurisdiction. This summary reveals that men were more likely than women to be hospitalized with AMI. Based on the mean age, most patients with AMI were from Montgomery County. Baltimore County, Montgomery County, and Other counties (the rest of Maryland) had Table 4 . They were 4.4 percent for CABG, 7.2 percent for PCI, and 40.6 percent for CATH. Howard County had the highest CABG rate (8.6 percent), while Montgomery and Prince George's counties had the lowest CABG rates (2.0 percent and 1.6 percent, respectively). PCI rates were the highest in Anne Arundel and Montgomery counties (8.9 percent and 9.8 percent, respectively), and the lowest in Howard County and Other (5.0 percent and 6.0 percent, respectively). Baltimore City had the highest CATH rate (47.6 percent), while Montgomery County and Other had the lowest (34.1 percent and 37.7 percent, respectively).
The first logistic regression model is displayed in Table 5 . For CABG, white and African American female patients were the least likely to undergo this invasive cardiac procedure. Insurance status did not have an effect on whether or not an AMI patient underwent this procedure. For PCI, none of the sociodemographic characteristics were significant predictors. For CATH, younger patients with private insurance with or without an HMO were more likely to utilize this cardiac procedure.
The second logistic regression model is displayed in Table 6 with the inclusion of jurisdiction to compare Baltimore City AMI patients with other jurisdictions. For CABG, African American female patients were again the least likely to undergo this invasive cardiac procedure in For PCI, African American and white female patients were the least likely to undergo this procedure followed by African American males. Patients with no insurance or other coverage and private insurance with or without an HMO were more likely to undergo PCI. By jurisdiction, AMI patients in Baltimore County, Harford, and Prince George's were more likely than those residing in Baltimore City to receive this procedure. For CATH, African American females, white females, and African American males were the least likely to undergo this procedure in comparison to white males. Insurance status was a significant predictor of CATH for younger patients with Medicare-HMO, private insurance, private-HMO, or Other. Younger patients with AMI in Baltimore and Howard counties had a higher likelihood of undergoing CATH. 
Discussion
Through localized Baltimore City and generalized statewide data, this study extensively investigated the sociodemographic characteristics of Maryland in order to understand the disparities in access to cardiac care among patients with AMI. In Baltimore City, the majority of African American patients with AMI had Medicare or Medicaid with or without HMO, substantially decreasing the likelihood of their undergoing the CABG, PCI, or CATH procedures. This was more apparent with the underutilization of cardiac care among African American female patients. The majority of white patients with AMI also had Medicare. However, those with private insurance with or without HMO were more likely to undergo invasive cardiac procedures. Patients with private insurance were more likely to receive cardiac care than Medicare patients.
It is important to note that race and gender among patients with AMI in Baltimore City did not have as strong an effect as expected in predicting access to cardiac care, except for CABG. This might be attributed to the fact that the majority population served by Baltimore City hospitals is African American. Yet African American patients with AMI were less likely to undergo CABG than white patients at these hospitals (Caillier, 2006) . Insurance status was also not significant, except for CATH in patients with private insurance versus those with Medicare or Medicaid.
The weak effects of race, gender, and insurance status indicate that disparities among Baltimore City residents are lessened if they are exposed to similar health risks or living under similar conditions in an urban setting (LaVeist et al., 2011) . The utilization of CATH was high regardless of insurance status, because it is the preliminary step for diagnosing and screening for CHD before undergoing PCI or CABG. This does suggest that private insurers are more likely to authorize the most invasive cardiac procedures than Medicare and Medicaid based on the cardiac procedure rate of CATH. In general, patients with AMI in Baltimore City had better access to cardiac care than other jurisdictions in Maryland that might explain the low effects of race, gender, and insurance status.
The statewide sociodemographic characteristics of patients with AMI provided broader generalized findings showing that the patient's place of residence mattered as well as race, gender, and insurance status in determining proper cardiac care. The effects of race and gender were realized with the underutilization of cardiac care among African American female patients for all of the three invasive cardiac procedures. White female patients were also unlikely to receive cardiac care at a just slightly higher rate than African American females, and men were more likely to receive the most invasive cardiac procedures, reaffirming the significant effect of gender (Freund et al., 2012) . This means that African American and white female patients are less likely to be referred for cardiac care by a physician.
By jurisdiction, patients with AMI were more likely to receive cardiac care in the Baltimore metropolitan area (such as Montgomery and Prince George's counties, which had the lowest cardiac procedure rates) than in the Washington, DC metropolitan area. Patients with AMI in Maryland were most likely to undergo PCI over CABG. By insurance status, patients with private insurance with or without an HMO were more likely to undergo cardiac procedures, while Medicare or Medicaid patients served as a significant predictor for not undergoing any cardiac procedures (Freund et al., 2012) . The gap between private and public coverage in access to cardiac care persists even under the state's unique all-payer system. This does necessitate further investigation to determine whether there are biases and financial disincentives to providing care for Medicare or Medicaid patients, which comprised the majority of patients with AMI in Maryland.
Policy Implications and Recommendations
The retrospective analyses in this study illustrate the ongoing disparities in access to cardiac care among patients with AMI in Baltimore City and Maryland, consistent with existing literature. It is encouraging that patients with AMI in Baltimore City had better access to cardiac care relative to other patients with AMI in Maryland than expected based on sociodemographic characteristics. Policymakers in Baltimore City and at the state level should pursue interventions that target vulnerable and underserved populations with CHD who are unlikely to receive cardiac care, such as African American and white women. The interventions might encompass a health literacy strategy for women, particularly African American women, that focuses on prevention, disease management, and improvement of outcomes following cardiac procedures (Kamble & Boyd, 2008) .
The health literacy strategy would improve communication and increase awareness and understanding at the patient and provider level. This could be accomplished through cultural competency and sensitivity training for providers and education on CHD prevention and health promotion for patients. In turn, this approach might increase referral rates for cardiac care to further allow researchers and policymakers to evaluate outcomes following invasive cardiac procedures (Gregory, LaVeist, & Simpson, 2006) . By understanding both utilization and referral patterns for cardiac care, policymakers would be able to improve the allocation of health care resources more effectively. They would be able to target distressed neighborhoods in Baltimore City and other jurisdictions such as Prince George's, which reported the lowest cardiac procedure rates.
The reality is that ongoing disparities in access to cardiac care over the past two decades show the challenges of tackling the leading cause of death in the nation. The underutilization of cardiac procedures among women, especially African American women, is alarming, as this strongly implies that racial and gender biases exist, with the unlikelihood of being referred for cardiac care based on necessity. Policymakers should develop and implement interventions that specifically target women, especially African American women, with any indication of heart disease, while further investigating racial and gender disparities in access to cardiac care.
In addressing the gap between private and public insurance coverage for access to cardiac care, policymakers should investigate the underlying factors resulting in the low utilization rates of cardiac procedures among Medicare and Medicaid patients, since the majority of patients with AMI are covered under these government insurance programs. The ongoing disparity between whether patients have private or public coverage and whether patients undergo cardiac procedures is disconcerting given the implementation of health care reform that suggests physicians continue to be influenced by insurance status in terms of their unwillingness to provide care for those patients with public coverage (Wenneker, Weissman, & Epstein, 1990) . To put it simply, the availability of insurance does not ensure equal access to cardiac care even under an all-payer system that reimburses hospital services to all insurers, public or private. The role of insurance status appears to continue to be pivotal as to whether a patient with AMI receives cardiac care.
During this critical time of implementing health care reform, it is important to note that, based on this study, those who enrolled in private health plans through the state's health insurance exchange, called Maryland Health Connection, may receive better access to cardiac care than those enrolled as part of the Medicaid expansion. But the reliance on HMOs in both public and private coverage might exacerbate the disparities in access to cardiac care (Carlisle, Leake, & Shapiro, 1997) . Further study will be necessary to assess the impact of Medicaid expansion and/or private health plans through Maryland Health Connection on access to cardiac care for the uninsured and underinsured in the state.
Future Research
The next step to understanding fully the disparities in access to cardiac care among patients with AMI is to conduct retrospective analyses on other potential patient and hospital characteristics that may influence the utilization of cardiac care. These include admission status (elective, emergent, or urgent); clinical characteristics (diabetes, high blood pressure, smoking); discharge status; median income levels by zip code; size of hospital; type of hospital; and patient outcomes (in-hospitality mortality, length of stay, procedure costs). These analyses would address the limitations of relying solely on sociodemographic characteristics to address disparities in access to cardiac care and shift towards quality of care in understanding the effectiveness of cardiac care among patients with AMI.
Due to similar majority African American population size, there should also be a regional comparison between patients with AMI in Baltimore City and Prince George's County. The cardiac procedure rates were considerably lower in Prince George's County, which suggests that racial and gender disparities exist in hospitals that serve majority African American populations. It also appears that other factors beyond sociodemographic characteristics influence the likelihood of receiving cardiac procedures.
Overall, this study illustrates that disparities in access to cardiac care based on sociodemographic characteristics existed among patients with AMI in Baltimore City to a lesser extent than statewide, providing more generalizable findings about Maryland's population.
